NTIBACTERIAL activity of chitosan, sodium nitrite and ………sodium benzoate were studied by disc diffusion assay. Inhibition percentage, minimal inhibitory concentration and effect of MIC of chitosan on the survival of pathogenic bacterial strains were compared. Results showed that chitosan, sodium benzoate and sodium nitrite exhibited antibacterial activity against all the tested pathogens, namely E. coli, S. typhimurium, B. cereus and Staph. aureus. Inhibition of all strains increased with increasing concentrations of fungal chitosan and preservative.
Preparation of preservatives
Sodium benzoate and sodium nitrite were prepared by dissolving in liquid medium. The final concentrations of sodium benzoate were 5000, 7500, 10000 and 12500 ppm while, sodium nitrite concentrations were 500, 1000, 1500 and 2000 ppm according to the method described by Stanojevic et al. (2010) . Preservative solutions were heat-treated at 80°C for 15 min before testing.
Determination of antibacterial activity of fungal chitosan and some preservatives by disc diffusion method
Two concentrations of chitosan (750 & 1000 ppm), sodium benzoate (5000 & 10000 ppm) and sodium nitrate (1000 & 2000 ppm) were applied for disc diffusion. Petri dishes containing trypton soy agar medium were individually inoculated with the pathogenic bacteria (E. coli, Salmonella typhimurium, B. cereus and Staph. aureus then the impregnated discs were added and the plates were incubated at 37 ˚C for 24 h according to Logesh et al. (2012) . The zone of inhibition was measured and the results were recorded.
Determination of antibacterial activity of the produced chitosan as compared with some preservatives by optical density
The minimal inhibitory concentration was defined as the lowest concentration of an antimicrobial agent at which there was no visible growth of the microbe.
Chitosan was added to tryptic soy broth (TSB) to give a final chitosan concentration of 2000 ppm (0.2% w/v). The pH of the broth was adjusted to 4.5 with 1NHCl before autoclaving at 121 °C for 15 min according to Balicka et al. (2005) and dispensed at 10 ml per test tube. Different quantities of preservatives were added to test tubes to reach the final concentration. One tenth ml of the pathogenic bacterial culture approximately (10 9 CFU/mL) was added to 10 mL broth medium supplemented with preservatives and incubated at 37 °C for 48 h. MIC was calculated as the concentration, which inhibits 95% of bacterial growth (Barakat, 2010) . At the end of the incubation period, turbidity was determined by measuring the absorbance at 600 nm using a spectrophotometer according to the method described by Theis et al. (2003) . The inhibition percentage was calculated using the following equation. 
Inhibitory effect of chitosan and some preservatives on survival of pathogenic bacteria
The antimicrobial activity of chitosan solution against some pathogenic bacteria was determined by plate counts. Ten ml of tryptic soy broth supplemented with MIC of chitosan, sodium nitrate or sodium benzoate were individually inoculated with 0.1 ml of the each of the pathogenic bacterial cultures. Non-supplemented medium was used as control. The inoculated tubes were incubated at 37˚C for 48h with cell counts taken after, zero, 6, 12, 18, 24, 30, 36, 42 and 48 hr .The inhibition ratios were calculated with the following formula according to the method described by Khalaf (2004) :
Results and Discussion

Antibacterial activity of chitosan and some preservatives
Data in Fig. 1a&b show that increasing the concentrations of chitosan and preservatives increased the antibacterial activity for E. coli, S. typhimurium, B. cereus and Staph. aureus. This result is in harmony with Guirguis et al. (2013) who found that increasing the concentration of chitosan led to increasing in the antimicrobial activity for S. aureus and B. subtilis.
Concentration of 1000 and 2000 ppm for sodium benzoate and sodium nitrite, respectively, gave higher inhibition zones for all tested bacteria compared to fungal chitosan at 1000 ppm. In general, sodium benzoate at 10,000 ppm gave the highest inhibition zone against E. coli, S. typhimurium, B. cereus and Staph. aureus being 19, 16, 15 and 13 mm, respectively, while, the fungal chitosan at 1000 ppm gave antibacterial activity being 8, 6, 13 and 11 mm, respectively. This result is in agreement with Islam et al. (2011) who studied different concentrations of chitosan namely, 400, 600, 800 and 1000 ppm. They found that zone of inhibition (mm) was 10, 12, 13 and 13, respectively for Staph. aureus while the zone of inhibition (mm) was 8, 8, 10, 10, respectively for E. coli. Data recorded that fungal chitosan at concentration 1000 ppm exhibited antibacterial activity against Gram + pathogens (B. cereus and Staph. aureus) greater than Gram -pathogens (E. coli and S. typhimurium). Fig.2 show that inhibition in liquid culture of all strains increased with increasing concentrations of fungal chitosan and preservatives. Also, the data gave MIC values of 750 ppm when fungal chitosan used against E. coli, B. cereus and Staphylococcus aureus while, the MIC was 1000 ppm when chitosan was used against S. typhimurium. These results are in harmony with Islam et al. (2011) who studied the effect of chitosan on the susceptibility of Staph. aureus and E. coli. They used different concentrations of chitosan namely 600, 800, 1000, 1200, 1300 and 1400 ppm. They found that the minimum inhibitory concentration (MIC) of the prepared chitosan was 1200 and 1300 ppm for Staph. aureus and E. coli, respectively.
Inhibition percentage and minimal inhibitory concentration Data in
It is worthily to mention that MIC of sodium benzoate was 7500 ppm for E. coli and 10000 ppm for S. typhimurium, B. cereus and Staph. aureus. While, MIC of sodium nitrite was 1500 ppm for Bacillus cereus and Staph. aureus and 2000 ppm for S. typhimurium and E. coli. These results are in agreement with Stanojevic et al. (2010) who investigated the antimicrobial effect of sodium benzoate and sodium nitrite on food-borne pathogenic bacteria such as Bacillus subtilis, Bacillus mycoides, Staphylococcus aureus, Escherichia coli, Pseudomonas fluorescens, Proteus sp. and Pseudomonas aeruginosa. They found the MIC for sodium benzoate was 5000 ppm while, MIC for sodium nitrite, it was 500 and 2000 ppm.
Effect of MIC of chitosan on the survival of pathogenic bacterial strains compared to some preservatives
Data in Fig. 3 , 4, 5 and 6 showed that the counts of all pathogenic bacteria in the control treatment (without antibacterial agents) gradually increased with the Foodborne pathogenic bacteria increasing of incubation period to reach their maximum values after 42 h for E. coli and 48 h for S. typhimurium, Staph. aureus and B. cereus. Data graphically illustrated in Fig 3 emphasize that the inhibition percentage for E. coli was 95.26 % after 42 h when using MIC of chitosan while, 96.21% and 95 % after 24 h and 30 h when using MIC of sodium benzoate and sodium nitrite, respectively. Also, data graphically illustrated by Fig. 4 showed that inhibition percentage of S. typhimurium reached to 95.16 %, 95.15% and 95.01 % after 48, 24 and 30 h of incubation when using chitosan, sodium benzoate and sodium nitrite, respectively. On the other hand, data graphically illustrated by Fig. 5 emphasized that the inhibition percentage of B. cereus were 95.90, 95.79 and 95 % after 24, 30 and 18 h of incubation when using MIC of chitosan, sodium benzoate and sodium nitrite, respectively. In addition, data graphically illustrated by Fig. 6 showed that the inhibition percentage of Staph. aureus was 95.13 % after 30 h when chitosan applied, while the inhibition percentage was 95.93 % after 24 h when using MIC of sodium benzoate and 95.02 % after 30 h when using MIC of sodium nitrite. From the obtained data, it was worthwhile to mention that as has been previously reported (Tayel et al., 2011) chitosan is more effective on Gram positive bacteria than Gram negative bacteria.
Conclusion and Recomendation
In view of the obtained results, it was clearly that fungal chitosan showed good antibacterial activity against food borne pathogenic bacteria. Although this chitosan was still less active than other chemical preservatives, it is edible and non-toxic for human health and likely a great deal more expensive.
